Anxiety is common in Parkinson's disease (PD), but studies concerning specific anxiety disorders are scarce. Essential psychometric properties of anxiety rating scales are also lacking. Objective: To investigate general anxiety disorder (GAD) in PD and psychometric properties of the Hamilton Anxiety Rating Scale (Ham-A). Method: Ninety-one PD patients underwent neurological and psychiatric examination, which included the MINI-Plus, the Ham-A and the Hamilton Depression Rating Scale (Ham-D). results: GAD was present in 30.8% of PD patients. Patients with GAD had longer disease duration (p=0.044) and were in use of higher doses of levodopa (p=0.034). They also tended to have more motor fluctuations and dyskinesias. The group with GAD scored higher in Ham-A (p<0.001), in the somatic (p=0.004) and psychic (p<0.001) subscales of Ham-A, and in Ham-D (p=0.004). The Ham-A showed good internal consistency (Cronbach's alpha=0.893) and a cutoff score of 10/11 is suggested to screen for GAD. conclusion: GAD is frequent in PD and the Ham-A may be a useful instrument to screen for this disorder. Key words: Parkinson's disease, anxiety, generalized anxiety disorder, rating scales, psychometrics, clinimetrics. Pacientes com TAG tinham maior duração de doença (p=0,044) e estavam em uso de maiores doses de levodopa (p=0,034). Também havia uma tendência desses pacientes terem mais flutuações motoras e discinesias. O grupo com TAG pontuou mais alto na Ham-A (p<0,001), nas subescalas somática (p<0,001) e psíquica da Ham-A (p<0,001), e na Ham-D (p=0,004). A Ham-A mostrou boa consistência interna (alfa de Cronbach=0,893) e um ponto de corte de 10/11 é sugerido para triar o TAG. conclusão: TAG é freqüente na DP e a Ham-A pode ser um instrumento útil para triar esse transtorno. Palavras-chave: doença de Parkinson, ansiedade, transtorno de ansiedade generalizada, escalas, psicometria, clinimetria.
neurons. Diagnostic criteria for clinically definite PD include the presence of at least two asymmetric motor signs (bradykinesia, resting tremor and rigidity) and a definitive response to levodopa 2 . Besides PD motor signs, neuropsychiatric disorders have been recognized as a matter of concern.
Anxiety in PD is extremely common. Up to 67% of PD patients present clinically significant anxiety symptoms 3 . The frequency of generalized anxiety disorder (GAD) and panic disorder in PD has been estimated to be close to 30% 4, 5 , while up to 50% of PD patients may suffer from social phobia 6 . Anxiety in PD is associated with a worse quality of life 7 , although it has been proposed that anxiety is not related to the severity of motor symptoms 8 . In fact, as observed for depressive disorders, anxiety can precede motor signs by several years 9 . However, it is possible that anxiety worsens motor symptom, which could by turn increase anxiety 7 . Anxiety is also highly comorbid with depressive disorders 10 . The main feature of anxiety is the inappropriate feeling of apprehension, preoccupation or fear. Cognitive and somatic changes are also present. Some symptoms may resemble PD symptoms, such as autonomic symptoms, fatigue, muscle tension, insomnia, attention problems and agitation which may be mistaken by dyskinesia or akathisia.
Several instruments to assess anxiety are already employed in PD, but essential psychometric information is still necessary to consider these instruments valid and reliable in this context 11 . The Hamilton Anxiety Rating Scale (Ham-A) 12 is the best-known instrument designed to assess anxiety. Nevertheless, one major criticism of this scale is that it is heavily weighted toward somatic symptoms, possibly making it difficult to distinguish between symptoms of anxiety and PD symptoms. Furthermore PD patients could be more likely to endorse somatic items on Ham-A because of the characteristics of the disease and not necessarily because they are anxious. Hence, it is uncertain whether the somatic component of Ham-A detracts from its reliability in PD patients. Thus the objective of this study was to study general anxiety disorder (GAD) in PD, and to determine the psychometric properties of Ham-A and its internal consistency in PD patients with GAD. It must be mentioned that most of the individuals of this study also participated in a previous study where the frequency of a range of psychiatric disorders was compared between patients with early-onset and typical-onset PD 4 . In the current study, the investigation of the relationship between GAD and sociodemographic and clinical variables was deepened.
Method
This cross-sectional study included 91 (54 men; 37 women) consecutive patients with PD. Those patients are regularly attended at the Movement Disorders Clinic of the Federal University of Minas Gerais (UFMG), Brazil, which is part of the public National Health Service system. After their appointment with their neurologist, patients were invited to participate in this study. These subjects are not taking part in any clinical trial. Participants did not receive any kind of compensation. No patient refused to participate. This study was approved by the local ethics committee, and all subjects gave their informed consent.
PD was diagnosed according to the United Kingdom Parkinson's Disease Society Brain Bank clinical diagnostic criteria 13 . Patients with previous neurosurgery, other neurologic disorder or delirium and dementia were excluded. Dementia was diagnosed according to DSM-IV diagnostic criteria and to the score obtained in the MiniMental State Examination (MMSE) adapted for the Brazilian population 14 . Demographic and clinical data were obtained. Patients underwent a psychiatric and neurological examination. Psychiatric examination included a structured psychiatric interview (MINI-Plus) 15 which was used to diagnose psychiatric disorders by a trained psychiatrist. In addition, an independent interviewer administrated the scales Hamilton Anxiety Rating Scale (Ham-A) 12 and the Hamilton Depression Rating Scale (Ham-D) 16 . The Ham-A is a 14-item clinician-rated instrument designed to assess and quantify severity of anxiety. Each item is rated on a five-point Likert-type scale ranging 0 to 4, with higher scores indicating more severe anxiety. Although the scale assesses a broad range of symptoms that are common to all eight of the DSM-IV Anxiety Disorders, it is most often used to assess severity of GAD 17 . Ham-A is comprised of a psychic and a somatic subscale. The psychic subscale (items 1-6 and 14) addresses the more subjective cognitive and affective complaints of anxiety (e.g., anxious mood, tension, fears, difficulty concentrating), and is particularly useful in assessing the severity of GAD. The somatic component (items 7-13) emphasizes features of GAD such as autonomic arousal, respiratory, gastrointestinal and cardiovascular symptoms. No information on its clinimetric properties in PD patients is available 11 . Neurological examination included the MMSE, the Unified Parkinson's Disease Rating Scale (UPDRS), the Hoehn-Yahr Scale (HY), and the Schwab-England Scale of Activities of Daily Living (SES). MMSE was used to assess the general cognitive function of the participants and to help the authors to rule out dementia 14 . The UP-DRS is currently the most widely accepted scale used to assess PD severity 18 . It has 3 subscales: UPDRS I -Mentation, Behavior, and Mood (range 0-16); UPDRS II -Activities of Daily Living (ADL) (range 0-52) and UPDRS III Parkinson's disease: generalized disorder Kummer et al.
-Motor Examination (range 0-108). Each item is scored on a scale from 0 to 4. A total of 176 points is possible, with 176 representing maximal (or total) disability and 0 representing no disability. The HY was used to estimate disease stages
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. This instrument classifies PD patients in five stages according to the body distribution of symptoms and dependency. Patients in stage I are mildly affected, while in stage V they are bedridden. Disability in performing activities of daily living was assessed with the SES
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. The SES is a percentage scale divided into deciles, with 100% representing completely normal function and 0% representing total helplessness.
Comparisons of categorical data between the groups of patients with and without GAD were performed using Fisher's exact test. The Shapiro-Wilk test was used to assess normality of data. The Mann-Whitney U test was employed for continuous variables. Spearman's rho test was used to assess correlation. Ham-A was evaluated by their "receiver operating characteristics" curve (ROC curve) for identifying the single cut-off point that better discriminates between patients with and without GAD. Cronbach's coefficient alpha, item-total (corrected itemtotal correlation) and inter-item correlations (Spearman's ρ rank correlation coefficients) were computed to ascertain internal consistency of Ham-A. All p-values were two-tailed and a significance level of 0.05 was chosen. Statistical analysis was performed using the SPSS v15.0 software (SPSS Inc., Chicago, IL, USA).
Results
Patients had a mean age of 57.2±10.5 years and a mean educational level of 5.4±3.7 years. A significant proportion of patients were retired (23.1%) or receiving social security disability compensation (47.3%), and just 20.9% of them were working. The mean age of PD onset was 48.4±11.0 years and the mean disease duration was 8.8±4.9 years. Neurological examination showed that severity of disease according to UPDRS was moderate in most patients (mean±SD=49.4±25.3). HY disease staging ranged from 1 to 4, with a median of 2. Percentile ratings on the SES suggested relatively independent functioning of the patients (mean±SD=81.4±13.0%). Sixty-two patients (68.1%) were in use of l-dopa. Fourteen patients (15.4%) were in use of benzodiazepines, while 33 (36.3%) were in use of antidepressants.
The frequency of GAD was 30.8% (n=28). Presence of GAD was not influenced by gender (p=0.110), occupational status (p=0.875), age (p=0.962), educational level (p=0.865), or age of disease onset (p=0.294). Patients with and without GAD did not differ in disease severity (p=0.161), disease stage (p=0.203), performance in activities of daily living (p=0.310), or cognitive performance (p=0.738). Nevertheless patients with GAD had longer disease duration (p=0.044) and were in use of higher doses of levodopa (p=0.034), although the use of levodopa was not associated with GAD (p=0.466). GAD also tended to be associated with the presence of dyskinesias (p=0.072) and motor fluctuations (p=0.080), but not with wearing off phenomena.
Patients with GAD had more frequently social anxiety disorder and a history of bipolar disorder (Table 1) . The group with GAD also scored higher both in Ham-A (p<0.001) and Ham-D (p=0.004). Patients with GAD scored higher in both the somatic (p=0.004) and psychic (p<0.001) subcales of Ham-A ( Table 2 ). The Ham-A and the Ham-D were highly correlated (r=0.830, p<0.001). The Ham-A also correlated with UPDRS (r=0.425, p<0.001), HY (r=0.266, p=0.011) and SES (r= -0.393, p<0.001). However, when we divided the sample in groups with and without GAD, the Ham-A maintained its associations with UPDRS, HY and SES only in the group without GAD (Table 3) . Even in the group without GAD, this associa- 198, p<0.060, respectively) . Again, when the sample was divided in groups with and without GAD these correlations were maintained only in the group without GAD (Table 3) , but these correlations also disappeared after controlling for depression. A ROC curve analysis suggested that a cutoff score of 10/11 provided the best values of sensitivity and specificity in this sample. This cutoff score provided a sensitivity of 85.7%, a specificity of 63.5%, a positive predictive value of 51.1% and a negative predictive value of 90.9%, with an area under the curve of 0.774 (Figure) . A cutoff score of 13/14 provided the best balance between sensitivity and specificity (71.4% and 74.6%, respectively). The Cronbach's alpha for the Ham-A was 0.893. All Ham-A items were significantly and positively associated with total Ham-A score ( Table 2 ). The psychic and the somatic subscales also showed good internal consistency (Cronbach's alpha of 0.829 and 0.799, respectively). When single items were excluded from the Ham-A, internal consistency reliability did not improve in a meaningful way (Table 4) . discussion Just a few studies investigated GAD in PD and most of them had small samples. The frequency of GAD ranged from 4.2% to 40% 4,8,10,21-24 . The frequency of GAD in the current study was of 30.8%. Risk factors associated with GAD are still unknown. In most of the studies, authors investigated factors associated with anxiety in general, but not factors specifically associated with GAD. Many studies have found an association between anxiety and depression 10, 21, 23, 25 . Although the higher frequency of depressive disorders in patients with GAD did not reach statistical significance in the current study, the In our study, the Ham-A also associated with disease severity, advanced disease stages and worse performance in daily activities, especially in the group without GAD. Nevertheless, these correlations disappeared after controlling for the Ham-D scores. Indeed, major depression was associated with disease severity, advanced disease, a worse performance in daily activities. The lack of association between anxiety and severity of disease or degree of disability is in line with some previous studies 26 . The initial association between GAD and these clinical variables may have occurred because Ham-A strongly correlates with Ham-D, which has been pointed out by some authors as a low discriminant validity of the Ham-A 27 . The relationship between anxiety and antiparkinsonian medications is still a matter of debate. While some authors described an association between anxiety and ldopa 28 , some did not 8, 10 . We observed that GAD associated with higher doses of l-dopa. A number of studies have also found a relationship between anxiety and "onoff" phenomena. It seems that patients are more prone to experience anxiety during "off periods" 8, 24, [28] [29] [30] . Although GAD tended to associate with motor fluctuations, it was not possible to investigate whether anxiety is increased during "off " periods as suggested by other studies. Patients with GAD also tended to experience more dyskinesias, which is in line with Menza et al. who detected higher levels of anxiety in patients with dyskinesias 29 . However, the previously observed association between anxiety and fluctuations or dyskinesias probably refers to a 'pha- sic' anxiety, possibly due to a sudden fall/rise in dopaminergic brain levels during these periods
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. Phasic influences on affective state in PD are often associated with antiparkinsonian medication. The way GAD, a type of 'tonic' anxiety state, is related with duration of illness, disease severity, advanced disease stages, higher doses of antiparkinsonian medication and thus more side effects deserves additional investigation.
In addition to the role of dopamine in anxiety disorders in PD, changes in noradrenergic, sero tonergic and gabaergic pathways are also probably implicated in the neurobiology of these disorders 31 . Patients with PD with a short allele in the promoter region of the serotonin transport er gene have more anxiety than patients with the long al lele variant 32 . Moreover, PD patients are unusually susceptible to yohimbine-induced panic attacks 33 . Yohimbine is an alpha 2-adrenergic antagonist that can induce panic attacks in vulnerable individuals. It has been hypothesized that the dopaminergic deficit would disinhibit locus ceruleus firing, determining anxiety symptoms.
Accurate definition and measurement of psychiatric symptoms are extremely important in clinical and research settings. There are many scales for the assessment of anxiety, but scarce information about their usefulness in PD patients exists. In a recent review of scales to assess anxiety in PD, the Steering Committee of the Movement Disorder Society Task Force on Rating Scales for PD concluded that none of the reviewed anxiety scales can be recommended for use in PD populations due to lack of essential information on psychometric properties 11 . In the current study we showed that the Ham-A, one of the most commonly used anxiety rating scale, has good internal consistency in PD. The scale is frequently criticized because it is highly weighted towards the somatic symptoms of anxiety. This characteristic of Ham-A would be particularly problematic in chronic diseases, such as PD. However, both the somatic and the psychic subscales have good internal consistency. Patients with GAD also scored higher than patients without this anxiety disorder in both subscales, suggesting that anxiety in PD may not be a somatic artifact. It should be mentioned that, for depression, instruments weighted towards somatic symptoms may sometimes have even better psychometric properties than scales without physical items 34 . Nevertheless, future studies are needed to better determine how somatic symptoms overlap or not with anxiety symptoms in PD. A ROC curve analysis showed that a cutoff score of 10/11 could be used to screen for GAD in PD. It must be emphasized, however, that the scale should not be used as a diagnostic tool as it is not specific for GAD and seems to present a low positive predictive value. Future studies must also investigate in PD the validity of instruments specifically designed to assess GAD.
There are also some important limitations in this study which must be mentioned. This study included a relatively small sample size and with some particular features. A significant proportion of patients have early-onset PD, which is evident by the low mean age of disease onset. Moreover, patients were recruited in a tertiary center, where more complex patients are usually attended. These characteristics of our sample may have some implication in the external validity of our study. The lack of a control group of healthy individuals or patients with other chronic disease is also critical. However, the consecutive sampling, the assessment of patients by experienced clinicians and the use of internationally validated instruments are strengths of this study. We hope that future studies will overcome the limitations of the current study.
In conclusion, anxiety disorders are common in PD and almost a third of PD patients may be diagnosed with GAD. Furthermore, patients without GAD may still score relatively high in Ham-A. As Ham-A in unspecific for GAD, these patients may be suffering from another anxiety disorder or even suffer from clinically significant symptoms of anxiety without fulfilling criteria for a formal psychiatric disorder. Clinicians should also be aware of a potential association among increased dosages of levodopa, the presence of motor fluctuation and dyskinesia, and higher levels of anxiety. The Ham-A is a reliable instrument to assess anxiety in PD and a cutoff score of 10/11 can be used to screen for GAD.
